Aims: To assess temporal trends in birth weight and pregnancy weight gain in Bavaria from 2000 to 2007. Methods: Data on 695,707 mother and infant pairs (singleton term births) were available from a compulsory reporting system for quality assurance, including information on birth weight, maternal weight at delivery and at booking, maternal smoking, age, and further anthropometric and lifestyle factors. Pregnancy weight gain was defined as: weight prior to delivery minus weight at first booking minus weight of the newborn. Results: Although mean weight gain during pregnancy increased considerably from 10.10 to 10.73 kg in seven years, the mean birth weight in mature singletons decreased slightly from 3433 to 3414 g. These trends could not be explained by concurrent changes in the rates of primiparity, smoking and gestational diabetes. Conclusions: These German data confirm an increased weight gain during pregnancy with adjustment for potential confounders.
Introduction
Increasing numbers of obese children have been reported in various countries all over the world w1, 7, 19x. Several studies have focused on early risk factors for childhood obesity like high birth weight and maternal weight gain in pregnancy w4, 13, 15x. High birth weight ()90 th percentile, or )4000 g) is an established risk factor for obesity in later life. Recently, associations between maternal weight gain in pregnancy and offspring overweight were found in Portugal where high weight gain in pregnancy ()16 kg) was associated with a higher risk of overweight in 6-12-year-old children. It was shown by Oken et al. that gestational weight gain was directly associated with child overweight at three years w13, 14x. A recent study reported increases in both variables over time w4x, in keeping with reports from other countries on birth weight and gestational weight gain in the last decades w10, 11, 16x.
We examined time trends in maternal pregnancy weight gain and birth weight from 2000 to 2007 in Bavaria, Germany, with a focus on potentially confounding factors.
Materials and methods
We restricted our analyses to mature singletons born at G37 completed weeks' gestation or later. Gestational age was calculated from the last menstrual period (LMP) and confirmed or otherwise corrected by first trimester ultrasound.
Maternal and neonatal data were analysed on ns695,707 mature singleton deliveries in obstetric units in Bavaria, Germany, from 2000 to 2007. Due to closure of smaller units as well as merging of other units, and following a general reorganisation of hospital structure in Bavaria, some of the coding of unit identifiers changed. The BAQ databases (Bayerische Arbeitsgemeinschaft fü r Qualitä tssicherung-Bavarian working group on quality assurance in outpatient Medical care) are continuously updated giving precedence to current years. As a result, data from five units for the years 2001-2003 were excluded from the analysis, but the effect on the reported rates was considered negligible. Anthropometric measurements of pregnant women during pregnancy as well of the newborns were documented and stored electronically.
All data analysed in this study were extracted from a standard data set regularly collected electronically for the purpose of benchmarking obstetric wards in terms of clinical performance. The BAQ conducts corresponding analyses for the ''Bundesland Information on maternal weight and gestational age at booking were extracted from the maternal pregnancy chart, information on smoking was obtained by interview when admitted to hospital. Neonatal anthropometric data were abstracted from the hospital notes. Weight gain in pregnancy was calculated as last weight prior to delivery minus maternal weight at booking minus neonatal birth weight (rounded to kg), if booking was prior to the 13 th week of gestation. Otherwise weight gain was set as missing (ns133,467; 19.18%) .
According to the coding of the BAQ, ''German'' means born in Germany or of German origin. All calculations were based on ''available case analysis'': we included all cases with available information on the respective covariates analysed. Apart from gestational weight gain, further missing values considered smoking during pregnancy (ns117,095; 16.83%), maternal prepregnancy BMI (ns58,351; 8.39%), maternal height (ns54,339; 7.1%), birth weight (ns3645; 0.52%), maternal age (ns447, 0.06%) and child's gender (ns170; 0.02%). These numbers do not add up to 100%, because of multiple missing values. In total, there were ns477,717 cases (68.67%) with complete values. Table 1 shows the birth weight and pregnancy weight gain of mothers of singleton term births (including stillbirths) in Bavaria from 2000 to 2007. We observed slight decreases in mean birth weight and in the percentage of newborns weighing G4000 g. Mean maternal pregnancy weight gain gradually increased from 10.10 to 10.73 kg as well as the proportion of mothers gaining )16 kg during pregnancy. Table 2 shows temporal trends of potential confounders. An increase was observed regarding mean maternal age and the proportions of primiparous mothers, as well as the proportions of caesarean sections and gestational diabetes. Mean maternal height and pre-pregnancy BMI remained stable during the observed time period. Smoking during pregnancy decreased over time. Table 3 shows the birth weight and maternal weight gain stratified by maternal smoking in pregnancy, parity, and gestational diabetes. Significant temporal trends had been observed for these three binary variables (Table 2) . Both mean birth weight and the proportion of high birth weight were higher in children to non-smoking mothers, multiparous mothers and mothers with gestational diabetes, respectively. Lower pregnancy weight gain was observed for non-smoking mothers, multiparous mothers and pregnancies with gestational diabetes.
Results
An increasing proportion of primiparous mothers was associated with an increased weight gain and a decreased birth weight (Tables 1 and 2 ). The observed decreased birth weight and the increased weight gain in pregnancy over time might therefore be explained by the observed increased proportions of deliveries to primiparous mothers.
A stratified analysis of temporal trends in birth weight and weight gain in pregnancy confined to primiparous mothers showed similar trends ( Table 4 ), indicating that they cannot be explained by changes in the proportion of primiparous mothers alone.
Discussion
The main finding of this analysis is an increase in weight gain in pregnancy associated with a slight decrease in mean birth weight and in the proportion of high birth weight children in Bavaria since the beginning of the millennium. Additionally, our results show increasing numbers of gestational diabetes and falling trends for smoking (Table 2 ) which would be expected to lead to some decrease in gestational weight gain (Table 3) , but actually lead to an increase (Table 1) . The inverse association in time of gestational diabetes and gestational weight gain might be explained by nutritional interventions in mothers with gestational diabetes. It is difficult to find a reason for the association of increasing gestational weight gain and decreasing smoking in pregnancy, however. The slight decrease in mean birth weight might have been caused by earlier delivery, since the mean gestational age at delivery decreased slightly over time. The decreasing mean gestational age, again, might be explained by increasing numbers of caesarean sections.
Other confounding factors are unlikely to account for the observed changes: it is implausible that a decreased gestational age leads to an increase in weight gain. Therefore, only the increasing proportion of primiparous mothers might account for the observed trends of birth weight and weight gain. One might expect a decrease in mean birth weight with increasing percentage of primiparous mothers, as the first newborn weighs less than the second or third baby w6x. However, the observed trends for birth weight and pregnancy weight gain could not be explained by changes in parity in our data (Table  4) .
These data are partially contrasting the report by Bergmann et al. w4x who reported a significant increased proportion of children weighing over 4000 g while observing a concomitant increased pregnancy weight gain in Berlin over a time period of seven years from 1993 to 1999 w4x. There are at least two possible explanations. There was a different ethnic mix in the population studied (81-82% German mothers in our data vs. 72-75% in Bergman's data), however, we did not observe an increased birth weight over time among the non-German population in Bavaria. Secular trends might be another explanation: the increase in birth weight could possibly be confined to the period of 1993-1999 w4x. Unfortunately, we do not have data from this time period in Bavaria.
Recently, Blissing et al. reported on increasing rates of maternal overweigth and obesity, showing decreasing birth weights, although the study included a small sample collected over a 25-year period and only concentrated on the population of Wü rzburg City w5x.
According to a ''priming concept'' the risk for childhood obesity may be primed by the intrauterine environment w15x. Excessive weight gain during pregnancy has recently been reported to be a major risk factor for obesity in the offspring w12, 14x. An increasing weight gain in pregnancy is an important finding pointing to a challenge in early prevention of childhood obesity. However, weight gain in pregnancy may be modified by nutritional and exercise interventions w2, 20x and such modification could have substantial impact on prevention of childhood overweight w12, 14, 17, 18x.
The strength of the present data lies in the large number of pregnancies and neonates. The data were collected without any hypothesis and the quality of the data is high since completeness of the datasets is part of an annual audit defining the monitored performance of the obstetrical units.
However, the numbers of maternal smoking in pregnancy and gestational diabetes may have been underestimated. Since the diagnosis of gestational diabetes is improving, the increasing trend could be an indicator for better detection w3x. A further limitation of the data might be the calculation of weight gain in pregnancy, which was based on the weight at booking used as a surrogate for maternal pre-pregnancy weight. A similar approach was chosen by Carmichael and coworkers w8x and Cedergren w9x and appears justified since most mothers only start gaining weight after 12 weeks of pregnancy w8, 9x. Whereas maternal pre-pregnancy weight and weight at delivery were both given in kg, birth weight was recorded in g. Therefore, gestational weight gain calculated as weight at delivery minus pre-pregnancy weight minus birth weight was accurate within the level of "1 kg.
Our data confirm a potentially alarming trend in public health: an increasing average weight gain during pregnancy which may herald an increased risk for childhood obesity. Prevention of childhood obesity should begin in utero w15x. Therefore, strategies to optimize maternal weight gain in pregnancy -within defined limitsdeserve further consideration.
